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1LWURJHQOPLQZDVHPSOR\HGERWKDVVKLHOGLQJDQGSRZGHUGHOLYHULQJJDV
7KH ODVHUZDVGHIRFXVHGVRDV WRREWDLQDPPEHDPGLDPHWHURQ WKHZRUNLQJVXUIDFH3RZGHUDQGVFDQQLQJ
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DORQJVXFFHVVLYHODVHUVFDQV
%ORFNV RI  PP  PP [  PP GLPHQVLRQV ZHUH GHSRVLWHG RQ ZURXJKW $/ VWDLQOHVV VWHHO SODWHV
'HSRVLWLRQZDV FRQGXFWHGE\RYHUODSSLQJDQGRYHUOD\LQJ LQGLYLGXDO ODVHU FODGGLQJEHDGVZLWK LGHQWLFDO VFDQQLQJ
VHQVH DQG GLUHFWLRQ $  RYHUODSSLQJ SHUFHQWDJH ZDV WDNHQ ZKHUHDV PP YHUWLFDO GLVWDQFH ZDV PDLQWDLQHG
EHWZHHQVXFFHVVLYHOD\HUV
$IWHUSURFHVVLQJFURVVVHFWLRQDOSUREHVZHUHFXWIURPWKHGHSRVLWHGPDWHULDOPRXQWHGLQUHVLQDQGSROLVKHGWR
PPVXUIDFHILQLVK0LFURVWUXFWXUHZDVRSWLFDOO\LQVSHFWHG1LNRQ(FOLSVH/DIWHUVDPSOHHWFKLQJLQDTXDUHJLD
9LFNHUVPLFURKDUGQHVV+9ZDVPHDVXUHGXVLQJLQGHQWDWLRQORDGVRI1GXULQJV(YDOXDWLRQRIFRUURVLRQ
SHUIRUPDQFHRI WKHGHSRVLWHGDOOR\ZDVDFFRPSOLVKHGE\PHDQVRIDSRWHQWLRG\QDPLFWHVWLQJHTXLSPHQW$XWRODE
3*67$7 1 7KH WHVWV ZHUH FDUULHG RXW LQ QRQGHDHUDWHG  ZW 1D&O VROXWLRQ LQ D FRQYHQWLRQDO WKUHH
HOHFWURGHFHOO,WFRQVLVWHGRIWKHZRUNLQJHOHFWURGHDQ6&(UHIHUHQFHHOHFWURGHDQGDSODWLQXPFRXQWHUHOHFWURGH
3RODUL]DWLRQZDVFDUULHGRXWIURPP96&(WRP96&(DWDVFDQUDWHRIP9V7KHH[SRVHGDUHD
WRFRUURVLYHPHGLDZDVPP
5HVXOWVDQGGLVFXVVLRQ
4.1. Microstructure and microhardness. 
$YLHZRIWKHUHVXOWLQJODVHUGHSRVLWHGPDWHULDOPLFURVWUXFWXUHLVVKRZQLQILJ7KHFKDUDFWHULVWLFRYHUODSSLQJ
SDWWHUQGXHWRFRQWLJXRXVODVHUVFDQVFDQEHDSSUHFLDWHGLQERWKSRZGHUW\SHVDPSOHV$FORVHULQVSHFWLRQUHYHDOVD
ILQHGHQGULWLFVWUXFWXUHDVVRFLDWHGWRWKHKLJKFRROLQJUDWHVDQGIDVWVROLGLILFDWLRQLQYROYHGLQODVHUSURFHVVLQJ,WLV
QRWHGWKDWWKHVHOHFWHGSDUDPHWHUVJDYHDIXOO\GHQVHDSSHDUDQFHZLWKQRKROHVRUGHIHFWVRQRYHUODSSLQJ
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7KHPLFURVWUXFWXUHRI WKHZURXJKWVDPSOHVVKRZVWKHXVXDOJUDLQVWUXFWXUHDVVRFLDWHGWRVWDLQOHVVVWHHOV LQ WKH
VROXWLRQDQQHDOHGFRQGLWLRQ&DQGFRROLQJLQDLUDVIURPPDQXIDFWXUHU*UDLQVL]HVUDQJHEHWZHHQ
DQGPDQGPDQ\FRQWDLQDQQHDOLQJWZLQV

)LJ0LFURVWUXFWXUHRIWKH$/VWHHOVDPSOHVOHIWZURXJKWPLGGOH*$SRZGHUULJKW:$SRZGHUDVVHHQE\RSWLFDOPLFURVFRS\DW
GLIIHUHQWPDJQLILFDWLRQVXSGRZQ
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5HVXOWV RQ PLFURKDUGQHVV SURILOHV IRU WKH ZURXJKW DQG ODVHU PDQXIDFWXUHG VDPSOHV DUH VKRZQ LQ )LJXUH 
0HDVXUHPHQWVZHUHGRQHDORQJWKHGLDJRQDORIWKHPP[PPVTXDUHVHFWLRQVVRDVWRGHWHFWYDULDWLRQVDULVLQJ
RQ ODVHU RYHUODSSLQJ DQGRYHUOD\LQJ GXH WR KHDW DFFXPXODWLRQ1R VLJQLILFDQW GLIIHUHQFHVZHUH VHHQEHWZHHQ WKH
ODVHUSURFHVVHGDQGWKHZURXJKWPDWHULDOQHLWKHUDORQJWKHH[DPLQHGSDWK\LHOGLQJDKDUGQHVVRI+9RQ
DYHUDJH 5HVXOWV DJUHH ZLWK YDOXHV UHSRUWHG E\ RWKHU DXWKRUV RQ ODVHU PHWDO GHSRVLWLRQ RI $,6,/ 9LFNHUV
KDUGQHVVUDQJLQJEHWZHHQDQG+9ZHUHPHDVXUHGGHSHQGLQJRQDSSOLHGODVHUSDUDPHWHUV0DMXPGDU-'HW
DODQGSRZGHUJUDLQVL]H3LQNHUWRQ$DQG0DKPRRG.
4.2. Potentiodynamic polarization tests 
$QRGLFSRODUL]DWLRQVFDQ UHVXOWV IRU WKH WKUHH WHVWHGVDPSOHVDUHGLVSOD\HG LQ ILJ ,QJHQHUDO WHUPVDOO VKRZ
W\SLFDO FXUYHVFRUUHVSRQGLQJ WR VWDLQOHVV VWHHO SDVVLYDWLRQ LQ1D&O HQYLURQPHQW+RZHYHU VLJQLILFDQW GLIIHUHQFHV
FDQEHREVHUYHG UHJDUGLQJ WKHYROWDJH VSDQRI WKHSDVVLYH UHJLRQ FRUURVLRQSRWHQWLDO DQGSRODUL]DWLRQ UHVLVWDQFH
3DVVLYLW\LQODVHUIDEULFDWHGVDPSOHVLVPDLQWDLQHGRYHUDODUJHUYROWDJHUDQJHWKDQLQWKHFRQYHQWLRQDOPDQXIDFWXUHG
SODWH3DVVLYHILOPGHYHORSVIURPWKHHTXLOLEULXPFRUURVLRQSRWHQWLDO(FRUUWRDSLWWLQJSRWHQWLDO(SLWVHH7DEOH
RIDERXW9DERYHZKLFKWKHSURWHFWLYHILOPEUHDNVGRZQDQGGLVVROYHVFDXVLQJDQLQFUHDVHGFXUUHQWGHQVLW\E\
SLWWLQJSURSDJDWLRQ3DVVLYLW\ LQ WKHZURXJKW VDPSOHV IDLOVDOUHDG\DW9QHYHUWKHOHVV VKRZLQJFOHDU VLJQVRI
PHWDVWDEOH SLWWLQJ RQ WKH SURWHFWLYH ILOP 7KHVH DSSHDU DV SHDN FXUUHQWV LQ WKH JUDSK FDXVHG E\ SLW QXFOHDWLRQ
JURZWKDQGILQDOUHSDVVLYDWLRQ,WLVEHOLHYHGWKDWSLWVLQLWLDWHDWWKHPDQJDQHVHVXOILGHLQFOXVLRQVVLWHVRQWKHVXUIDFH
RIWKHFRPPHUFLDOPDWHULDO7KH:$ODVHUVDPSOHVKRZDUHPDUNDEOHVPRRWKSURILOHZLWKDEVHQFHRIDQ\WUDFHRI
PHWDVWDEOH SLWWLQJ 7KLV LV DGGUHVV WR WKH UHGXFHG DPRXQW RI 0Q DQG FRQVHTXHQW ORZHUHG SUHVHQFH RI SLWWLQJ
QXFOHDWLRQVLWHV$VIRU WKH*$VDPSOH WKHFXUYHVKRZVDUHGXFHVORSH LQGLFDWLQJD ORZHUSRODUL]DWLRQ UHVLVWDQFH
ZKLFK WUDQVODWHV LQ LQFUHDVHGFRUURVLRQUDWHV%HVLGHV VLJQVRISLWWLQJEHFRPHPRUHFOHDUO\YLVLEOHDV WKHYROWDJH
ULVH WR SLWWLQJ SRWHQWLDO YDOXHV 7KH KLJKHU PDQJDQHVH DPRXQW FRXOG EH UHVSRQVLEOH IRU WKH ZRUVHQHG FRUURVLRQ
UHVLVWDQFHEHKDYLRU$Q HQQREOHPHQW RI WKH*$ VDPSOH DVZLWK UHVSHFW WR WKH ODVHU DQGZURXJKW VDPSOHV LV DOVR
REVHUYHG  UHIOHFWHGE\ WKHSRVLWLYH VKLIWRI WKHFRUURVLRQSRWHQWLDO(FRUU$VLPLODU HIIHFWZDVHQFRXQWHUHGE\<
+HGEHUJHWDOZKLOHVWXG\LQJVXUIDFHR[LGHFKDUDFWHULVWLFVRIJDVDQGZDWHUDWRPL]HG$/SRZGHUV7KH\
DGGUHVV WKHQREOHUSRWHQWLDO RI WKH*$SRZGHUV WR WKH H[LVWHQFHRI I WUL DQGRU WHWUDYDOHQW0QR[LGHV LQ WKHJDV
DWRPL]HGSDUWLFOHVZKLFKZHUHDEVHQWLQWKHFDVHRIWKHZDWHUDWRPL]HGRQHV
,W LVJHQHUDOO\DJUHHG WKDW WKHPHFKDQLVPRISDVVLYDWLRQ LQVWDLQOHVVVWHHOV UHOLHVRI WKHGLIIXVLRQRIFKURPLXP
DWRPVIURPWKHEXONPDWHULDOWRWKHVXUIDFHDQGVXEVHTXHQWIRUPDWLRQRIDFKURPLXPR[LGHULFKSURWHFWLQJOD\HU
$FFRUGLQJ WR WKLVPRGHOJUDLQERXQGDULHVDQGGLVORFDWLRQV LQ WKHFU\VWDO VWUXFWXUHZRXOGDFWDV IDVWDQGHIILFLHQW
GLIIXVLRQSDWKVIRUFKURPLXPPLJUDWLRQ7KRXJKVWLOODVXEMHFWRIGLVFXVVLRQVHHIRUH[DPSOH.'5DOVWRQDQG1
%LUELOLV  LW LVSUHVXPHGWKDW LPSURYHGFRUURVLRQUHVLVWDQFHFRXOGEHREWDLQHGE\UHGXFLQJ WKHJUDLQVL]H LQ
VWDLQOHVV VWHHOV $FFRUGLQJO\ ODVHU PDQXIDFWXUHG VWHHO VDPSOHV PLJKW VKRZQ VXSHULRU DQWLFRUURVLRQ SURSHUWLHV
EHFDXVH RI LWV ILQH GHQGULWLF VWUXFWXUH DV FRPSDUHG WR WKHLUZURXJKW FRXQWHUSDUWV2XU UHVXOWV VKRZ WKDW D EHWWHU
SHUIRUPDQFHDJDLQVWFRUURVLRQLVREVHUYHGIRUWKH:$ODVHUIDEULFDWHGVDPSOH+RZHYHUWKLVLPSURYHPHQWVHHPVWR
EHUHODWHGWRUHGXFHGPDQJDQHVHFRQWHQWUDWKHUWKDQWRPDWHULDOPLFURVWUXFWXUH7KH*$ODVHUVDPSOHZLWKDVOLJKWO\
KLJKHU 0Q DPRXQW VKRZV HTXLYDOHQW SDVVLYH YROWDJH UDQJH DQG SLWWLQJ SRWHQWLDO EXW RYHUDOO UHVLVWDQFH DJDLQVW
FRUURVLRQLVFOHDUO\GHWHULRUDWHG$UHYLHZRIVRPHUHODWHGSXEOLVKHGUHVXOWVVXSSRUWWKLVDVVXPSWLRQ,QWKHLUZRUN
+DUD1HWDOFRPSDUHGSHUIRUPDQFHRIFRPPHUWLDODQGKLJKSXULW\OHVVWKDQ0Q$/VDPSOHVLQ
1D&OFRUURVLYHHQYLURQPHQW4XLWHVLPLODUSRODUL]DWLRQFXUYHVZHUHREWDLQHGWRRXUZURXJKWDQG:$VDPSOHVZLWK
D VPRRWK SURILOH DQG ODFN RI PHWDVWDEOH SLWWLQJ LQ WKH KLJK SXULW\ RQH 7KH\ FRQFOXGH RQ WKH GHFLVLYH UROH RI
UHPRYLQJ SLWWLQJ LQLWLDWLRQ VLWHV IRU LPSURYLQJ SLWWLQJ FRUURVLRQ UHVLVWDQFH 5HVXOWV UHSRUWHG E\ 3LQNHUWRQ $
0DKPRRG.-'0DMXPGDUHWDORU3*DQHVKHWDORQFRUURVLRQWHVWVRIODVHUGHSRVLWHG
PDWHULDOVKRZVLPLODU LIQRWZRUVHSHUIRUPDQFHWKDQFRQYHQWLRQDO$/LQDQQHDOHGFRQGLWLRQ,QWKHLUVWXGLHV
WKH\DOOUHSRUWWKHXVHRIDWRPL]HGSRZGHUVZLWK0QSHUFHQWDJHVDERXWRUKLJKHU
7KHILQGLQJVRIWKLVZRUNOHDGXVWRFRQFOXGHWKDWODVHUPDQXIDFWXUHG$/SDUWVFRXOGEHQHILWIURPWKHXVHRI
ZDWHU DWRPL]HG SRZGHUV LQ YLHZRI WKH LPSURYHG SLWWLQJ FRUURVLRQ UHVLVWDQFH JLYHQ E\ WKHLU ORZHUHGPDQJDQHVH
FRQWHQW1HYHUWKHOHVVDVQRWHGLQWKHLQWURGXFWLRQPDQJDQHVHDGGLWLRQVDUHQHHGHGLQFRPPHUFLDOZURXJKW$/
VWHHOLQRUGHUWRHDVHPDFKLQDELOLW\WKURXJKWKHIRUPDWLRQRIPDQJDQHVHVXOSKLGHV

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7KHHIIHFWRIUHGXFHGVXOSKLGHUDWLR LQILQDOPDFKLQLQJRIODVHUPDQXIDFWXUHGSDUWVJLYHQWKHLUQHDUQHWVKDSH
PRUSKRORJ\LWLVDVXEMHFWVWLOOWREHVWXGLHG
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)LJ3RWHQWLRG\QDPLFVFDQSRODUL]DWLRQVFDQVIRUZURXJKWDQGODVHUGHSRVLWHGā$/VWHHOLQ1D&OVROXWLRQ
7DEOH3RWHQWLRG\QDPLFSRODUL]DWLRQWHVWVUHVXOWV
ZW ,FRUU
$
(FRUU
P9
(SLW
9
&RUURVLRQUDWH
PP\HDU
:DWHU$WRPL]HG
Metco 41C
   
*DV$WRPL]HG
MetcoClad 316L
   
:URXJKW$/    
&RQFOXVLRQV
6DPSOHVRIODVHUGHSRVLWHG$/VWDLQOHVVVWHHOXVLQJJDV*$DQGZDWHU:$DWRPL]HGSRZGHUVKDYHEHHQ
VWXGLHG LQ WHUPV RI PLFURVWUXFWXUH KDUGQHVV DQG FRUURVLRQ UHVLVWDQFH LQ 1D&O HQYLURQPHQW %RWK SUHVHQW D ILQH
GHQGULWLFPLFURVWUXFWXUHZLWKQRVLJQLILFDQWPLFURKDUGQHVVGLIIHUHQFHVDFURVVRYHUODSSLQJDQGRYHUOD\LQJFODGGLQJ
EHDGV0LFURKDUGQHVVPHDVXUHPHQWV\LHOGDYDOXHRI+9LQGHSHQGHQWO\RIWKHSRZGHUW\SHDQGFRLQFLGHQW
ZLWKWKHYDOXHREWDLQHGLQZURXJKWFRPPHUFLDOVDPSOHV3RWHQWLRG\QDPLFSRODUL]DWLRQWHVWVUHYHDODQVLJQLILFDQWO\
LPSURYHG FRUURVLRQ UHVLVWDQFH RI:$ ODVHUPDQXIDFWXUHGPDWHULDO DV ZLWK UHVSHFW WR FRQYHQWLRQDOZURXJKW RQH
/DVHU *$ VDPSOHV VKRZ D ZRUVH DQWLFRUURVLRQ SHUIRUPDQFH DV FRPSDUHG WR WKH :$ VDPSOHV LQ WHUPV RI
SRODUL]DWLRQ UHVLVWDQFH FRUURVLRQ UDWH DQG SLWWLQJ VXVFHSWLELOLW\ ,W LV FRQFOXGHG WKDW DPRXQW RI 0Q SUHVHQW LQ
DWRPL]HG SRZGHUV PLJKW SOD\ DQ LPSRUWDQW UROH LQ WKH FRUURVLRQ UHVLVWDQFH RI WKH ODVHU IDEULFDWHG SDUW 0RUH
V\VWHPDWLFVWXGLHVDUHQHHGHGLQFOXGLQJDZLGHUVDPSOHRI$/SRZGHUVZLWKGLIIHUHQW0QFRPSRVLWLRQVDQGWKH
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HIIHFW RI RWKHU FKHPLFDO HOHPHQWV DV YHULILHG E\ HOHPHQWDO DQDO\VLV 1HYHUWKHOHVV ZH WKLQN WKDW WKH0Q FRQWHQW
VKRXOGEHDFFRXQWHGIRUZKHQGHFLGLQJWKHVWHHOSRZGHUEOHQGVWRXVH:DWHUDWRPL]HGSRZGHUVEHFDXVHRI WKHLU
GLPLQLVKHGPDQJDQHVHFRQWHQWFRXOGEHRISUHIHUHQFHZKHQFRUURVLRQSHUIRUPDQFHRIWKHSURFHVVSDUW LVRIPDLQ
FRQFHUQ
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